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A Longitudinal Study of the Dimensions of Disciplinary Culture to Enhance Innovation and Retention among Engineering Students Introduction
Despite calls to promote creativity as "an indispensable quality for engineering" [1] , the U.S.
engineering educational system has been slow to develop pedagogies that successfully promote innovative behaviors. Although numerous sources recognize the growing scope and complexity of challenges that lie ahead in the 21st century, engineering is struggling to balance its goals between the open-ended, vague, high-risk pursuit of innovation and the traditional "following the rules" and "only one possible good answer" problem-solving approach of producing functional, reliable applications. In short, engineers needs more creativity and interdisciplinary fluency, but not at the expense of its discipline-specific problem-solving skills. At the same time, engineering programs continue to struggle with attracting and retaining members of underrepresented populationswhose diversity could greatly contribute to innovation. Interestingly, this lack of diversity is often attributed to cultural traits of the field-often characterized as masculine, individualistic [2] [3] [4] [5] [6] [7] , and function-oriented. Notably, students in fields that emphasize functionality (e.g. engineering)
rather than creativity (e.g. industrial design) express higher levels of uncertainty avoidance [8, 9] .
Together, these cultural dimensions of engineering continue to limit innovative practices, such as interdisciplinary collaboration, design thinking, and diversity of perspectives. The purpose of this study is to investigate patterns of cultural traits in students across disciplines, with the goal of building an actionable theory of engineering culture that can support pedagogies of inclusive and collaborative innovation.
Specifically, we propose to apply Hofstede's original four dimensions of national business cultures. The dimensions are power distance referring to the extent that individuals are comfortable (or not) in environments with unequal distribution of power [10] ; uncertainty avoidance that addresses the level of comfort that individuals have with uncertainty [10] ;
individualism that refers to how the individual relate to the larger group [10] ; and masculinity that addresses how assertive or caring individuals in a society are [10] . We are using the dimensions to adapt them to academic disciplines to explain how students develop skills to operate within and across disciplinary boundaries. Furthermore, we are exploring the relationships between these dimensions of disciplinary culture and student recruitment and retention, particularly for underrepresented groups. Specifically, this project is part of a NSF funded grant that is addressing the following six research questions: RQ1: How do Hofstede's dimensions of national cultures map to academic disciplines? RQ2: What are the relationships between the dimensions of culture and a) student choice of major, and b) student success with a major? RQ3: How do students change over time in their academic programs with respect to the dimensions of culture? RQ4: What factors affect those changes, e.g., pedagogical practices, curriculum, instructors?
RQ5: Do the relationships in RQ1-4 vary with demographic indicators, e.g., race or gender?
RQ6: What patterns of pedagogical practice operate within academic disciplines?
To address these issues, the grant is being developed in a 4-year study to investigate patterns of cultural traits in students across disciplines, and to build an actionable theory of engineering culture that can support pedagogies of inclusive and collaborative innovation as well as strategies for recruiting and retention efforts. In this paper, we present an update of the status of the grant and the preliminary results obtained so far.
Literature Review
Hofstede [11] introduced his conceptualization of culture after developing his theory of cultural dimensions in the mid-1960s. In his initial study, he analyzed the cultural differences among nations by surveying employees at IBM in more than 50 countries regarding their personal values.
Hofstede's framework was first published in 1980 in his book "Cultural Consequences: The dimensions approach." Hofstede [12] initial definition of culture is developed based on his observations of the desired and desirable values of IBM's employees around the world. He described culture as a "collective programing of the mind." Individuals belonging to a specific culture have programmed their mind to act and behive according to what the software (culture)
dictates. His definition of culture has evolved over time; in more recent books Hofstede, Hofstede, and M. Minkov [13] define culture as patterns of thinking, feeling, and acting that every human being carries. He has constructed a metaphor of culture as the software of the mind, based on his initial definition that culture is a collective programming od the mind, characterizing culture as a mental program that is developed by social interactions and experiences collected since the early life of an individual: "the programming starts within the family; it continues within the neighborhood, at school, in youth groups, at the workplace, and in the living community" (p. 6).
More recently, Minkov and Hofstede [14] define culture as a "system of shared meanings that may be unique to a particular society or a group of societies" (p.4). Hofstede's original dimenisons of culture are [12] :
• Power Distance addresses the degree to the extent to which the "less powerful members of institutions and organizations within a country expect and accept that power is distributed unequally" (Hofstede et al., 2010; p.61). Notably, this dimension addresses inequity as defined and endorsed from below (i.e. the followers rather than the leaders) [11, 13] .
Exploring disciplines via this dimension can address patterns of student and faculty relationships, preferences for autonomy, communication patterns, and preferred problem types.
• Uncertainty Avoidance/Acceptance addresses the degree to which members of a culture can operate comfortably with uncertainty. According to Hofstede et al. [13] in cultures with high uncertainty avoidance, unstructured situations (novel, unknown, surprising, etc.) are perceived as intimidating; these cultures seek to minimize such situations via both legal controls (e.g. laws, rules, security measures), and religious philosophies that rest on absolute truth. Cultures that accept uncertainty, in contrast, tolerate diverse opinions, have fewer rules, and adopt more relativist philosophies. Exploring disciplines via this dimension can address students' abilities and willingness to collaborate, especially in interdisciplinary teams of unfamiliar territory, as well as their openness to creative formulations of problem solutions.
• Individualism/Collectivism addresses the relationship between individuals and the larger group. In an individualistic culture, individuals are loosely connected: everyone is expected to operate independently and people do not strongly identify with a group norm [13] . In collectivist cultures, people are tightly connected and consolidated into cohesive in-groups with strong emphasis on group norms and unity [13] . Exploring disciplines via this dimension can address participation of underrepresented populations in engineering, where collectivist interventions, such as living and learning communities, has proven to be effective social and academic support networks.
• Masculinity/Femininity refers to the continuum representing how emotional roles are distributed across genders, with assertive roles aligned with the masculine pole of the continuum and caring roles aligned with the feminine pole. Notably, in Hofstede's studies, women show less variation by culture than men; i.e. men are more assertive and competitive in masculine cultures, while women exhibit similar levels of caring in both masculine and feminine cultures. Masculine cultures thus experience a greater gap between men's and women's roles [13] . Exploring disciplines via this dimension may address women's participation in the masculinized culture of engineering that move beyond the metaphors of "pipeline" and "chilly climate."
Several authors have evaluated applications of Hofstede's dimensions in research, identifying problems such as (i) the use of nation as a unit to analyze culture [15] [16] [17] ; (ii) the difficulties and limitations of a quantification of culture represented by cultural dimensions and matrices [15, [17] [18] [19] ; (iii) the ecological fallacy of assuming that dimensions developed at the national level also apply at the individual level [15, 20] ; and (iv) the use of data collected from a single company [15, 21] along with critiques of reliability [22] [23] [24] [25] [26] [27] and validity [21, 23, [28] [29] [30] [31] [32] [33] ] in Hofstede's instruments. Each of these critiques, while important, also has notable counterarguments.
First, as several authors have argued, countries should not be treated as unit of analysis. Any given nation may have multiple cultures present. Yet Hofstede based his theory on the assumption, from a sociology and anthropologist perspective, that differences in nations can be treated as similar to differences in cultures [16, 17, 20] . Second, in critiquing Hofstede's expression of culture as quantitatively measurable, researchers argue that because culture is dynamic and adaptive, it is a qualitative variable with meanings that depend upon context and external factors. Hofstede has countered by arguing that in defining cultural differences, quantitative data at the national level is all that is available, and such data is at least a useful starting point in understanding patterns on a large scale [10] . Third, in addressing the critique that Hofstede's instrument is flawed due to ecological fallacy, Brewer and Venaik [16] state that this false mapping may not exist if there is a theory of causation and that under specific situations, people may act according to the dimensions developed for the national level. They explain that despite the criticism of Hofstede's theory regarding ecological fallacy, the model is valuable to explain national-level phenomenon. Similarly, Grenness [20] affirms that "avoiding the ecological fallacy is possible when the aggregated data are collected from groups or samples which are assumed to be or known to be homogenous, e.g. sharing dominant cultural values" (p.80). Using the model thus requires an understanding of the population to be analyzed, including knowledge of the population's homogeneity or heterogeneity. Therefore, understanding how students understand their majors will minimize the ecological fallacy critique to Hofstede's model. Finally, Hofstede's framework and instrument have also received critiques of reliability and validity, including critiques regarding use of a single employer. However, since the original study was conducted, researchers have used Hofstede's instrument in different settings and confirmed internal consistency in its use [34, 35] . Different studies have also addressed validity issues with positive results [34, 36] . Finally, several studies in the past three decades [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] , even when not reporting instrument reliability or methodological validity, have successfully used Hofstede's theory to study cultural differences, arguing for the validity and reliability of the model overall.
Based on these studies, it is possible to argue that Hofstede's instrument and methodology can be reliable if confirmed by rigorous testing and, ensuring the necessary considerations of validity are met, can be a useful framework to study cultures and sub-cultures, such as academic disciplines.
Our research will test the possibility of mapping cultural dimensions to academic disciplines, and particularly disciplines within engineering. We thus hypothesize that it will be possible to use Hofstede's theory to understand cultural differences in disciplines.
Methods
In order to answer our research questions, our research is a three-part study that examines the dimensions of culture across different universities using a mixed methods approach. The different phases of the project are as follows:
• Phase 1 (Year 1): Survey of a stratified, university-wide sample (by discipline and academic year) of one institution students to address RQs 1, 2, and 5. In addition, sampling across academic years will provide a proxy for longitudinal data to develop a preliminary answer to RQ3 and inform subsequent data collection.
• Phase 2 (Years 2-4): We are surveying students at 6 different institutions, in Electrical and Computer Engineering (ECE), Industrial and Systems Engineering (ISE), and two departments outside engineering chosen based on the Year 1 results. This data will a) track individual students longitudinally (to answer RQ3), b) provide a detailed look at students' experiences within the major (to answer RQ4), and c) explore demographic patterns (to answer RQ5). In addition, annual qualitative interviews with a selected sample of participants will be used to more fully explain the quantitative results.
• Phase 3, Year 4: Collection of pedagogical practices to construct a local typology to be shared and vetted in workshops and focus groups with stakeholders, including faculty, industry representatives, and students. Feedback from stakeholders on culture findings compared with current practices will enable the research team to develop a theory of engineering culture that can inform pedagogies of innovation and collaboration.
We have chosen the departments of ECE and ISE within the college of engineering and partner sites for several reasons. First, both majors are innovative, large, and highly ranked relative to other departments nationwide. Second, both locally and nationally, these two departments are at opposite ends of the diversity spectrum, with ECE among the least diverse departments and ISE among the most diverse. Third, we hypothesize departmental differences along the individualism/collectivism dimension (ECE having a strongly individual culture, like many engineering majors, and ISE having a strong culture of team projects), providing at least some initial differential along Hofstede's model.
In this study, the first step was to use a quantitative approach to collect data from a version of Hofstede's survey developed by Sharma [50] in order to measure how students score regarding Hofstede's constructs. After a review of studies that used replicas and adaptations of Hofstede's instrument, and considering the various critiques, the research team selected the survey adapted by Sharma [50] . The survey was improved based on the analysis of the Cronbach's alpha of the pilot. In addition, to ensure validity, the survey was critiqued by the four authors of the project, who discussed every item in detail. In addition, an assessment expert evaluated the survey and made suggestions. Face validity and content validity were established with consensus of the researchers. The instrument, as mentioned before, has been proven to measure the theory developed by Hofstede. Our IRB-approved survey was delivered online using Qualtrics to a stratified sample of undergraduate students at research 6 different partner institutions. Table 1 presents information about the sample size, and majors by semester obtained in each institution in the first 3 years. Data were processed using SPSS software; descriptive and inferential statistics were analyzed.
Responses were grouped by discipline and the four dimensions proposed by Hofstede were measured. Results recorded the arithmetic means for each major based on a 7-point Likert scale:
• For Individualism/Collectivism, 1 is considered to be less individualistic (more collectivistic) and 7 is considered highly individualistic.
• For Power Distance, 7 is considered to have a high power distance (more comfort with/support of hierarchies)
• For Uncertainty Avoidance, 7 is considered higher resistance to uncertainty.
• For Masculinity/Femininity, 1 is the lower value for Masculinity, representing a disposition toward femininity (caring), while 7 is the higher value of Masculinity (assertivenes).
In addition to the qualitative analyisis, a qualitative approach will allow us was developed in order to understand more deeply students' experiences regarding their major in terms of individualism, power distance, uncertainty avoidance, and masculinity. A semi-structured interview is being conducted in order to understand how engineering students define their disciplinary engineering culture using Hofstede's dimensions as the guide.
An initial interview protocol was developed based on the answers that students provided in the quantitative study, the information collected on the systematic review of the literature, and also informed by theory proposed by Bradbeer [51] and Nulty and Barrett [52] . The initial protocol was piloted with 2 graduate students. Revisions were made and a pilot study was conducted were 5 undergraduate electrical and computer engineering students were interviewed for one hour. The preliminary results were analyzed using the qualitative data analysis software MaxQDA and 4 graduate students coded the interview transcripts. Over several meetings the codes were discussed and the 4 researchers agreed on the improvements needed on the protocol. The protocol was updated and was reviewed by 4 graduate students and 3 faculty members. The current protocol is approved by IRB. Twelve students will be the participants on the study. 6 will be from Industrial engineering, and 6 from Electrical and computer engineering. The reasons behind selecting these majors were explained previously. Interviews will last less than one hour and will be audio recorded. Recordings will be transcribed by the resarchers to get familiar with the data. Students will sign a consent form and pseudonyms will be used when transcribing the audio recording to ensure confidentiality. Data will be analyzed using the qualitative data management software
MaxQDA that allows to visually incorporate codes and memos to the transcripts of the interviews.
Results and Discussion
Results from the survey are presented in tables 2 to 7. Means of the scores for each discipline are reported for each major. Also, the standard deviation and sample size is presented. After analyzing the descriptive statistics, we conducted some inferential statistics using T-tests to determine if the differences regarding how disciplines score on a specific dimension of culture were significant. Note: Every dimension was measured on a Likert scale from 1 to 7. Note: Every dimension was measured on a Likert scale from 1 to 7. Note: Every dimension was measured on a Likert scale from 1 to 7. Note: Every dimension was measured on a Likert scale from 1 to 7. Note: Every dimension was measured on a Likert scale from 1 to 7.
After conducting several inferential statistics tests (T-tests, Anova), there are no apparently differences between the responses by major or by institution. Overall, students in every major tend to have a medium-high individualistic score (i.e. to be more independent). That means that students perceive their independence working on school-related tasks important. We argued that disciplines like electrical and computer engineering, and mathematics required more individualistic work. Instead, disciplines like industrial engineering, marketing, industrial design, and sociology rely more on collective work like team projects.
Overall, students tend to have medium-low scores for power distance. They are not confortable being dominated by people with authority coming from positions of high power, neither feel intimidated about it. We could not find statistical significant differences in power distance scores.
One thing to consider is the emphasis made in higher education recently to promote students' awareness of their rights and the importance of fairness and justice that can influence how students perceive this dimension. Also, they tend to avoid uncertainty having high scores on this dimension. Students prefer to have clear instructions and not take many risks. Although masculinity was probably the dimension with more diverse responses between different majors, in general students tend to be more assertive (masculinity) than caring (femininity). This results compare with Hofstede [13] results for the United States as a country regarding each dimension.
Therefore, we can conclude that the instrument is measuring the national culture rather than the disciplinary culture. Despite the fact that we didn't find any statistically significant differences using the survey, Hofstede's dimensions are valuable to help us develop the interview protocol and use the dimensions as a reference to obtain more in depth information on how undergraduate students understand their disciplinary culture.
Limitations
One limitation of the study is generalization of the findings. The data may not be representative of the majors studied. Neither can we make inferences of the engineering student population as a whole. To address this concern, we are actively working to minimize threats to internal and external validity by including partner institutions in the data collection. In addition, the next phase of the study consisted of qualitative data collection that will allow us to obtain more rich information regarding how students understand their disciplinary culture.
Intellectual merit
The primary goals of this research are 1) to determine if and how Hofstede's national cultures map to disciplinary cultures in universities, and 2) to formulate an actionable theory for promoting innovation curricula and strategies for recruiting and retention efforts. While Hofstede's theory is correlational rather than causal, we argue that a better understanding of disciplinary culture from the perspective of characteristics aligned with innovation will help identify needed interventions and shape pedagogical practices that effectively enhance innovation skills for engineering students. The mixed methods research is organized cohesively to address research questions that explore the role of disciplinary culture in engineering education. Participation by engineering departments at partner universities will yield results grounded in a variety of institutional contexts.
Consequently, the intellectual merit of this proposal lies in its ability to develop a theory to describe relationships between disciplinary culture and the outcomes of engineering education; this theory can then inform targeted curricular interventions to enhance the innovative and collaborative abilities of engineering students. This theory would have explanatory power for a range of characteristics of engineering students and programs, from the difficulties students face when dealing with unstructured, open-ended design problems, to the inability of certain fields (e.g., computer engineering) to recruit and retain students from underrepresented groups.
The longitudinal nature of the proposed research will also provide insights regarding the degree to 
